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Abstract—For an urban development, the Quality of Life 
(QOL) of people in the city is a vital issue that should be 
considered. There are many researches in QOL topics that use 
questionnaire survey approach. These studies yield very useful 
information for city development planning. As the Artificial 
Intelligence technologies are developed very fast recently, they 
are applied to solve many transportation problems. In this 
paper, we propose a method that automatically extract mobility 
indicators using two image recognition techniques: Semantic 
Segmentation and Object Recognition. Because the mobility is 
an important factor in QOL evaluation, our work can be used 
to enhance a performance and reduce a data gathering cost of 
the QOL evaluation.  

Keywords—Quality of Life (QOL), Transportation Mobility, 
Image Recognition, Semantic Segmentation, Object Detection 

I. INTRODUCTION 
 

In many countries, big cities are developing very fast.  
This leads to increasing in the number of population and many 
consequences to be considered, including the quality of life 
(QOL) of people in the cities. 

Several research topics of QOL have been conducted. The 
main issues are what are important factors influencing QOL 
and how to evaluate QOL using the related factors. In many 
studies, transportation is an important factor that directly 
impacts QOL. Schneider [1] studied people behaviors in 
Minnesota, USA and reported that transportation was 
important because it connected people to their destinations. 
Doi et al. [2] proposed a QOL evaluation method based on 
accessibility and social interaction. Nakamura et al. [3] 
evaluated megacities development by combining a land-use 
transportation model with QOL index using Bangkok as a case 
study. Nakamura et al. [4] analyzed difference of QOL in 
station areas by comparing Nagoya to Bangkok and suggested 
the importance of developing efficient transportation systems. 
Gu et al. [5] investigated a methodology to evaluate QOL of 
people in Nanging and considered a convenience in 
transportation network accessing as an evaluating factor. 

These studies in QOL not only provide us urban people’s 
insights, but also give useful information for urban 
development. However, the data gathering process was costly 
and time-consuming. Moreover, the gathering information 
could be changed over time.  

In recent years, the image recognition technology has been 
developed rapidly. It has been used for solving problems in 
various practical fields including transportation. Chowdhury 
et al. [6] proposed a model for traffic management by counting 
the number of vehicles on the road. Hua and Anastasiu [7] 
designed a tracking algorithm for a smart traffic network 
running in a real-time environment. Putri et al. [8] estimated 
traffic density using a video processing model. Kim et al. [9] 
proposed a framework for vehicle tracking using the Faster R-
CNN algorithm. Osman et al. [10] designed an intelligent 
traffic management system for road junctions using image 
processing. Chen and Huang [11] modeled a moving vehicle 
tracking system based on traffic surveillance systems. Ali et 
al. [12] proposed an intelligent and autonomous traffic 
management system for reducing traffic congestion problems. 
Munajat et al. [13] designed a road condition detection 
algorithm using RGB histogram filtering. Dinh et al. [14] 
constructed a traffic jam warning system based on coarse data 
in Vietnam. Trivedi et al. [15] designed a vehicle counting 
module for smart traffic management in a small city. 
Delavarian and Maarouzi [16] proposed a multi-object 
tracking system for intersection using multilayer image 
sequences. Mithun et al. [17] developed a video-based 
intelligent traffic management system that can track objects 
and also their flow directions. These systems overcome the 
traditional traffic management system because they work 
more efficient, while human operation cost is lower. In 
addition, we can collect data log and analyze people behavior 
in order to plan traffic management policy in the future.   

 In this paper, we apply two types of image processing 
techniques to extract useful information from a video dataset. 
The first one is Semantic Segmentation to recognize areas of 
observed objects. The second one is Object Recognition which 



can detect and count the number of observed objects. The 
acquired information can be used to figure transportation 
mobility, which is a vital factor affecting QOL of people. 
Using an automated algorithm for data gathering process will 
reduce survey costs. Moreover, we can gather new up-to-date 
data as much as we need to evaluate QOL in the future. 

 This paper is organized as follows. Section II discusses 
overview of QOL and transportation mobility. Section III 
reviews image recognition techniques that are used in this 
paper. Section IV proposes our method. Section V provides 
experimental details and results. Section VI discusses about 
possible future works. Section VII summarizes our research. 
 

II. TRANSPORTATION AND QUALITY OF LIFE 
 

A. Accessibility and Quality of Life 
 

 In context of QOL evaluation, accessibility is employed in 
many papers. In [2], the authors concluded that accessibility 
were directly and indirectly related to five QOL elements: 
safety and security, economic opportunity, service and 
cultural opportunity, spatial amenity and environmental 
benignity. Accessibility was mentioned again in [4] as one of 
four elements that were included in the questionnaire: 
accessibility, amenity, safety and cost. The research also 
found that peoples in both Bangkok and Nagoya valued 
accessibility as the most important factor for them. Using 
facility data points from BaiduMap and road/subway 
networks from OpenStreetMap, QOL index was calculated 
based on distribution of accessible values in education service, 
shopping services and medical care service [5]. According to 
these papers, we can see that accessibility is a vital issue for 
QOL evaluation.  

B. Accessibility vs Mobility 
 

As shown in the previous section, accessibility is a vital 
factor in QOL evaluating process. Mobility is another factor 
affecting QOL. Both accessibility and mobility are related to 
travelling quality. Accessibility means the quality in 
travelling. It focuses on travel time, travel cost, and travel 
options. On the other hand, mobility is the ability and level of 
ease of moving goods and services. It focuses on traffic 
congestion, obstacles, and the number of lanes. Hence, 
accessibility and mobility are the same thing in different point 
of view. 

 In our research, as we will apply image recognition 
techniques, we will measure our experimental results in the 
view of mobility. To illustrate more, we will detect and count 
the number of observed objects from one destination to 
another; but we will not measure travel time or cost consumed 
in travelling between two destinations. 

III. IMAGE RECOGNITION 
 

 

Among researches in Artificial Intelligence, Image 
Recognition is growing very fast, especially after emerging 
of the Convolutional neural networks (CNNs), a Deep 
Learning for Image Recognition, have become the dominant 
machine learning approach for semantic segmentation and 
object detection.  

 

In this paper, two computer vision types are used: (i) 
semantic segmentation (ii) object detection. The difference 
between these two types is that semantic segmentation 

classifies each pixel into a set of categories; whereas object 
detection localizes and classifies an object using a bounding 
box. 

 

 
Fig. 1. An overview of our deep learning architectures 

 

A. Semantic Segmentation 
 

Semantic segmentation classifies all the pixels of an image 
into meaningful classes of objects and helps determine the 
relations between objects, as well as the context of objects in 
the image. 

DenseNet [18] is originally used for image classification. 
Several advantages of DenseNet are: (i) it is more efficient in 
the parameter usage (ii) it performs deep supervision thanks 
to short paths to all feature maps in the deep learning 
architecture, and (iii) all layers can easily access their 
preceding layers making it easy to reuse the information from 
previously computed feature maps. 

In this paper, we present Fully Convolutional DenseNet 
for semantic segmentation. Because of the segmentation task, 
Fully Convolutional DenseNet (also known as The One 
Hundred Layers Tiramisu, in short as Tiramisu) [19] has up-
sampling layers on the contrary to the DenseNet. Tiramisu 
uses a downsampling-upsampling style encoder-decoder 
network. Each stage between the pooling layers uses dense 
blocks. Also, it concatenates skip connections from the 
encoder to the decoder. 

We use these modern semantic segmentation frameworks 
that combine low-level and high-level features from pre-
trained Tiramisu models on the Camvid [20, 21] corpus to 
predict our images.  

B. Object Detection 
 

Object detection is one of a computer vision technique that 
c. The objects can be generally identified from either images 
or video feeds. Object detection has been applied widely in 
object or people tracking, robotic maneuverability, 
autonomous driving, intelligent motion detection, tracking 
systems and so on. There are many modern deep learning 
architectures for object detection and one of the best deep 
networks is YOLO (You Only Look Once) [22]. 

YOLO views image detection as a regression problem, 
which makes its pipeline quite simple, and it is extremely fast 
because of this simple pipeline. It is a state-of-the-art, real-
time object detection system on Pascal VOC challenge [23]. 

It can process a streaming video in real-time with a latency 
of fewer than 25 seconds. During the training process, YOLO 
sees the entire image and is, therefore, able to include the 
context in object detection. In YOLO, each bounding box is 



predicted by features from the entire image. Each bounding 
box receives 5 predictions; x, y, w, h, and confidence. (x, y) 
represents the center of the bounding box relative to the 
bounds of the grid cell. w and h are the predicted width and 
height of the whole image, and confidence is the probability 
of the event (or probability of input to fall in different classes). 
Commonly, object detection models also generate a 
confidence score for each detection. The convolutional layers 
of the network are responsible for extracting the features, 
while the fully connected layers predict the coordinates and 
output probabilities. 

In this work, we select YOLOv3 [24] from University of 
Washington for object detection. It is extremely fast and 
accurate than all the previous YOLO versions. Moreover, it 
uses a few tricks to increase amount of training data and 
improve model accuracy, including multi-scale predictions 
and a better backbone classifier. 

IV. PROPOSED METHOD 
 

 

 In this paper, we propose a new approach to evaluate 
transportation mobility using image recognition techniques. 
The benefits of a new method are not only high scalability to 
span evaluating areas, but also cost effective.  

 We start our task with selecting a video recording method. 
In order to coverage a wide area range, we choose a video 
record from a camera attached to a moving vehicle. Compared 
to a fixed position camera (such as a surveillance camera or 
CCTV), our method can collect data with more coverage 
areas. Moreover, as the vehicle are movable, we can freely 
determine the areas of interest.  

 After collecting the video dataset, we apply two image 
recognition techniques, semantic segmentation and object 
recognition, to extract information from the video records. 
The summary of observed classes and acquired outputs are 
shown in Table 1. 

TABLE I.  APPLIED IMAGE TECHNIQUES AND OUTPUT DETAILS 

Technique Observed Classes Recognized Output 

Semantic 
Segmentation 

 

1. Car 
2. Bike 
3. Person 
4. Road 
5. Tree 
6. Other 

 

Percentage of 
observed areas  

(in pixels) 

Object 
Recognition 

 

1. Car 
2. Truck 
3. Bike 
4. Person 

 

Numbers of 
observed objects 

 

 The idea of using the semantic segmentation is to evaluate 
positive and negative areas of the images. The positive image 
area are our desirable factors: (i) road and (ii) tree. On the 
other hand, the negative areas are undesirable factors or 
obstacles: (i) car, (ii) bike and (iii) people. The more positive 
areas affect the more transportation mobility. To indicate 
satisfaction and unsatisfaction by each factor, percentage of 
area is conducted. We calculate percentages of pixels using 
the equation (1). 						 	 	 = 	 	 	 		 	 	 	 	 (1) 

For the desirable factors, the more percentages of pixels that 
the system yields, the more satisfaction is obtained. In 
contrast, for the undesirable factors, the more percentages of 
pixels the system provides, the less satisfaction that we 
acquire. For the object recognition, the idea is to evaluate 
undesirable factors by detecting the numbers of obstacles in 
each class: (i) car, (ii) track, (iii) bike and (iv) people. 
Therefore, the greater numbers of obstacles in each class are 
detected, the less satisfaction it means. 

 In the next step, we interpret the recognition results into 
mobility evaluation. There are many ways to interpret the 
acquired results. Firstly, we can use them to compare mobility 
between different areas in a city; Bangkok is used as a 
studying case in this paper. Next, we can collect sets of 
recognition results from various periods of times and areas in 
order to compare general mobility of different cities. Finally, 
we can combine them to enhance a performance of the 
traditional QOL evaluation or reduce data survey cost. 
However, more researches are required.  

 We can apply Artificial Intelligence or Machine Learning 
techniques to predict QOL evaluation from the recognition 
results. However, it requires a lot of survey data in traditional 
methods and more research is also required, and hence, we left 
the topic as a future work.  

V. EXPERIMENTS 

A. Dataset 
 

The original videos used in this experiment were recorded 
in Sukhumvit District, Bangkok. They were taken by Iwane 
Laboratory [25] using the Image based Mobile Mapping 
System (IMS3/IMS5+).  

 For our experiment, we categorize the scenes into three 
types: large-road, medium-road and small-road scenes. The 
large-road scene contains a road with 6 lanes, while the 
medium-road and small-road scene contains 4 lanes and 2 
lanes or none, respectively. We capture the video records by 2 
images per second, acquiring images from each scene as 
shown in Table 2.  

TABLE II.  SELECTED SCENES 

Road Size Scene video length no. of images 

Large 
1  
2 
3 

 

188 seconds 
188 seconds 
188 seconds 

375 
375 
375 

Medium 
4 
5 

 

188 seconds 
188 seconds 

375 
375 

Small 
6 
7 

 

188 seconds 
122 seconds 

375 
244 

 

B. Implementation and Computer Configuration 
 

We implemented our methods on Tensorflow [26]. All of 
the semantic segmentation experiments were conducted on a 
server with an Intel® Xeon® Silver 4110 CPU @ 2.10GHz (8 
Cores, 16 Threads per socket; 2 Sockets), 128 GB of memory 
(RAM), with GPU: Nvidia Tesla V100 32GB x 2, while all of 
the object detection experiments were conducted on a server 
with an Intel® Xeon® Processor E5-2660 v3 (25M Cache, 
2.60 GHz), 32 GB of memory (RAM), an Nvidia GeForce 



GTX 1070 (8 GB), an Nvidia GeForce GTX 1080 (8 GB), and 
an Nvidia GeForce GTX 1080 Ti (11 GB). 

C. Hyperparameter Confuguration 
 

For a semantic segmentation on CamVid [20, 21], we first 
remove the last three pooling layers and the last dense layer 
since it helps to reduce the number of parameters and 
computation in the deep learning network without decreasing 
performance. Then, we set the dilation rates of the convolution 
layers as 3 and 5, respectively. We also make experiments 
using YOLOv3 with ResNet that consists of a 3×3 
convolutional layer with 64 channels, followed by 3 stages 
with 2 basic blocks in each stage and ends up with a global 
average pooling and a 10-way fully connected layer, as the 
backbone. 

    Specifically, we adopt Nesterov momentum optimizer 
[27] with momentum = 0.9, initial learning rate = 0.05, rate 
decay = 0.94 every 2 epochs, and weight decay 4e-5. Batch 
normalization [28] is used before each weight layer in our 
implementation to ease the training and make it is comparable 
to concatenate feature maps from different layers. To avoid 
overfitting, data augmentations are used as data 
preprocessing, including random flipping vertically, random 
flipping horizontally, and a random crop of 512×512 image 
patches. 

D. Experiments and Results  
 

We feed the dataset images into our image recognition 
system to extract mobility components. The examples of the 
large-road, medium-road and small-road scenes are shown in 
figures 2-7, respectively1.  

The object detection system yields excellent performance, 
while the semantic segmentation system gives satisfy 
performance. For the object detection system via the pretrain 
YOLOv3 network, unsurprisingly, all the classes can be 
detected very well. The semantic segmentation system 
performs very well when the image texture is clearly separated 
in each section, such as the images of large road. But its 
performance tends to decrease for medium and small road 
because the image dataset contains a lot of unclear edges 
between each section. 

The summary of recognition results is shown in Table 3. 
In general, the trends of semantic segmentation and object 
detection results from the same class and scene are in the same 
direction. For the large road, the images contain a lot of areas 
and numbers of cars and roads, but few in areas of bikes and 
person. For the medium road, the object detection can work 
well. However, as there are a lot of unclear edges of shadow 
or dark sections, the semantic segmentation outputs higher 
tree areas and lower road areas than the actual. In the scene 5, 
the number of cars seems to be high compared to its area. This 
is because the system detects a lot of cars from opposite 
direction of the road and count into the system (as shown in 
fig. 2). For the small road, as they contain a lot of unidentified 
objects, the segmentation system recognizes some of them as 
bikes and person, and hence their percentage of areas seems 
to be too high. However, thanks to the object detection system 
that performs well, the actual road situation can be implied. 

                                                           
1 To see the full recognition results, please visit 
www.youtube.com/watch?v=W6WXxBVTKvY  

We can also analyze some mobility situation from the 
experimental results. For the large road, the main objects are 
cars, as the percentages of cars and roads are relatively high 
compared to bikes and persons. On the other hand, bikes and 
persons are main objects for the medium or small road. 
Among the scenes in the large road, scene 2 is the highest in 
mobility because it contains the lowest percentage of cars and 
contains the highest percentage of the road. For the same 
reason, the highest mobility scenes for the medium and small 
roads are scenes 4 and 7, respectively. 

VI. CONCLUSIONS 
 

The Quality of Life (QOL) is an important issue in city 
development. The traditional researches require 
questionnaire surveys that consume a lot of resources in data 
gathering. As the Artificial Intelligence technologies are 
developed rapidly, they are applied to solve many problems, 
including the transportation problems. In this paper, we 
propose an image recognition method for extracting mobility 
factors from videos or images.  The new method consists of 
two techniques, semantic segmentation and object 
recognition. The first one recognizes percentage of positive 
and negative components on the observed videos or images, 
while the second one detects the number of obstacles. As the 
mobility is a significant component of QOL, our extracted 
factors could be added to QOL evaluation process in order to 
augment data or cut down the cost of data collecting.  
 

We perform experiments and gain satisfy results in 
factor extraction. The acquired results can be used to indicate 
the actual mobility situation of the observed road and can be 
used in transportation planning or city development. In the 
view of QOL, our system yields a set of measured number 
that can be used as a primary information for evaluating QOL 
of people. However, to figure out the exact QOL value from 
images, further researches are required. 

VII. FUTURE WORKS 
 

 There are many possible tasks for the further works. First, 
although we obtain a lot of information about transportation 
mobility from our system, how to include them into traditional 
QOL evaluation are still a topic needed to be considered. 
Second, it is possible to predict QOL index from images using 
Machine Learning techniques. To achieve this task, data 
gathering using questionnaire survey is required. Third, in 
technical views, there are some objects that require more 
research for better classify, for example, trash bin, electric 
pole, footpath. Finally, in this paper, we conduct a research 
only in driving mode for the vehicles. Therefore, a 
transportation mobility in walking mode for the pedestrian can 
be conducted as another study. 
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Fig. 2 – A recognition result example from the 1st scene  Fig. 3 – A recognition result example from the 2rd scene 
 

(semantic segmentation result) (object detection result) 

 

(semantic segmentation result) (object detection result) 
Fig. 4 – A recognition result example from the 4th scene  Fig. 5 – A recognition result example from the 5th scene 

 

 
(semantic segmentation result) (object detection result) 

 

 
(semantic segmentation result) (object detection result) 

Fig. 6 – A recognition result example from the 6th scene  Fig. 7 – A recognition result example from the 7th scene 
 

 

TABLE III.  IMAGE RECOGNITION RESULTS FROM ALL SCENES 

Scene 
 

Road size 
Semantic Segmentation (avg. percentage of pixels) 

 

Object Detection (avg. no. of objects) 

Car Bike Person Road Tree Other Car Truck Bike Person 

1 Large 21.23 11.54 5.25 16.44 9.54 35.99 6.57 0.33 2.63 2.16 

2 Large 18.77 9.26 8.34 22.34 7.32 33.97 6.38 0.25 0.86 0.81 

3 Large 25.68 12.54 2.45 14.77 3.65 40.92 7.08 0.30 0.31 0.43 

4 Medium 7.43 16.53 15.44 9.55 22.56 28.49 1.00 0.77 1.00 2.24 

5 Medium 11.35 14.43 17.54 7.77 26.45 22.46 7.86 0.65 1.65 2.32 

6 Small 17.54 21.77 19.45 11.56 0.23 29.43 0.78 0.04 0.09 0.40 

7 Small 14.55 25.44 17.56 13.49 0.44 28.53 1.12 0.07 0.22 2.24 
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